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Increased yield from wheat after lupins, 
obtained without the need for applied 
nitrogen, has led many farmers to adopt a 1:1 
wheat-lupin rotation. One of the advantages of 
lupins is the cleaning effect they have by 
reducing wheat diseases such as septoria and 
yellow leaf spot and root diseases, in 
particular take-all. 
Before the present research project started, 
little was known about lupin root diseases, or 
what effect lupins grown in close rotation with 
wheat might have on the build-up of root 
diseases of lupins. 
EARLY SEASON ROOT DISEASES 
Pleiochaeta root rot 
The fungus Pleiochaeta setosa which causes 
the disease brown leaf spot on lupin leaves 
and stems also attacks the roots. 
Symptoms. Tap root infection can begin 
shortly after germination. Dark brown lesions 
develop and often the tap root eventually 
rots off. If the lesions are less severe only the 
cortex of the tap root may be removed, 
which can result in poor nodulation in the 
affected root zone. As the tap root starts to 
thicken after the 6 to 8 leaf stage, its 
susceptibility to infection declines. Lateral 
roots, however, are susceptible for much 
longer and are frequently rotted off. Plants 
losing tap roots eventually wilt and die, 
almost immediately or after several weeks, 
depending on soil moisture levels. 
Disease cycle. Leaves infected with brown 
leaf spot drop rapidly and the spores 
produced on this dead tissue become 
incorporated into the surface layers of the 
soil. These spores remain dormant over 
summer in the soil and survive under the 
following wheat crop, although their 
population is much reduced (Figure 1). 
When the next lupin crop is sown the spores 
are stimulated to germinate and infect the 
lupin roots. Rainfall splashes soil containing 
spores up onto the new plants' leaves to 
initiate further brown leaf spot infection. 
Losses. Pleiochaeta root rot is probably the 
most important lupin root disease and some 
spores of Pleiochaeta are present in almost 
all paddocks with a lupin cropping history. 
Losses caused by Pleiochaeta root rot 
primarily result from a reduction in stand 
density, the optimum stand density for 
lupins in the wheatbelt being between 40 to 
45 plants per square metre. In paddocks with 
severe Pleiochaeta root rot stand density may 
be reduced by half or more, which would 
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Figure 1. Disease cycle of the fungus Pleiochaeta setosa which causes 
Pleiochaeta root rot 
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Spores in soil germinate in 
response to lupin root exudates 
and infect young roots. 
Spores remain dormant in soil 
under the following wheat crop, 
although some are broken down 
by other soil microbes and others 
lose viability. 
reduce the crop's yield potential by about 20 
to 40 per cent, depending on seasonal 
rainfall. 
We need more research to determine how 
much crop yield is reduced by plants which 
are not killed by Pleiochaeta root rot in the 
seedling stage, but suffer a partially rotted 
tap and lateral root system. 
Control. Spore populations in soil can be 
very high after a lupin crop (5 000 to 10 000 
spores per gram of soil in the top 5 cm of 
soil) particularly if it had moderately severe 
brown leaf spot. At these spore populations 
root rot is severe and double cropping to 
lupins is not recommended. After an 
intervening cereal crop the spore population 
falls dramatically (200 to 500 spores per 
gram of soil) and there is less risk of root rot. 
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Spores of the fungus 
Pleiochaeta setosa. 
However, if the initial spore population was 
extremely high, such as after a very severe 
brown leaf spot epidemic, the spore 
population after a single cereal crop may still 
be sufficient to cause severe root rot. Two or 
even three intervening cereal crops may be 
necessary to reduce the soil spore population 
to safe levels. 
All fungicide seed treatments tested have 
failed to control Pleiochaeta root rot. 
Increasing the seeding rate by 25 per cent 
can compensate for the loss of plants in the 
stand. Field trials in 1985 suggested that seed 
sown shallower than 3 cm is more susceptible 
to infection because germination occurs 
where the spores are most concentrated. 
Further trials are planned to explore the 
effect of slightly deeper sowing on 
Pleiochaeta root rot and plant establishment. 
However, past experience has shown that 
sowing more than 6 cm deep results in 
reduced emergence. 
Stubble mulching and good phosphorus 
nutrition, which can reduce the severity of 
brown leaf spot infection, will also lessen 
root rot problems in subsequent years by 
reducing soil spore populations. 
Breeding lupin cultivars resistant to brown 
leaf spot and Pleiochaeta root rot is being 
investigated. 
• Pleiochaeta root rot of 
lupin seedlings. The 
number of spores per 
gram of soil increased 
from zero (left plant) to 
50, 500 and 1250 spores. 
Rhizoctonia bare-patch 
Rhizoctonia bare-patch is caused by a strain 
of the fungus Rhizoctonia solani which 
attacks the roots of young plants. 
Symptoms. Tap and lateral roots become 
infected and lesions develop similar in 
appearance to those caused by Pleiochaeta. 
Infected roots eventually become 
'spear-tipped' as the fungus rots through and 
pinches off the roots. Infected plants are 
severely stunted and occur in distinct patches 
which are roughly circular and vary from one 
half to several metres across. Although the 
patches appear more spectacular as the crop 
matures, infection actually starts before the 
plants are at the 2 to 4 leaf stage. As the 
season progresses, plants which have had 
their tap roots pinched off die as the surface 
soil moisture is depleted. 
Disease cycle. This strain of R. solani has a 
particularly wide host range and is as 
damaging to cereals and pasture species as it 
is to lupins. 
The fungus over-summers as resistant hyphae 
(mycelium) in fragments of root tissue it 
infected and killed during the growing 
season, or in particles of soil organic matter 
it has colonised. Most fungus is located in 
the top 6 cm of soil and is stimulated to 
germinate in the following season by the 
presence of host root exudates. 
Losses. Rhizoctonia bare-patch is not yet as 
common as Pleiochaeta root rot, although it 
has been seen in most districts except the far 
northern wheatbelt. Of the main 
lupin-growing districts, it appears to be most 
widespread in the shires of Dalwallinu, 
Wongan-Ballidu and Moora where an 
estimated 2 to 5 per cent and occasionally 15 
per cent of the paddock has been lost to 
Rhizoctonia patch. Grain yield of infected 
plants is negligible. 
Control. As this strain of R. solani causes the 
same disease with similar severity in cereal 
crops and pasture species, it cannot be 
controlled by crop rotation. 
Cultivation reduces the severity of the 
disease. In a trial at Esperance Downs 
Research Station in 1982, G. C. MacNish 
(Plant Pathologist, Department of 
Agriculture) obtained a 70 per cent reduction 
in patch area with a single scarification 
compared to direct drilling lupins. More 
recently, R. J. Jarvis (Tillage Research 
Officer, Department of Agriculture) 
demonstrated that a modified combine with 
tynes that cultivate deep, but boots set to 
drop the seed shallow in a single pass, can 
reduce Rhizoctonia patch in wheat as 
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Figure 2. Some terms describing hipin and wheat seedling 
development 
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effectively as scarifying. This modified 
combine should give similar disease control 
in lupins. 
Rhizoctonia hypocotyl rot 
Rhizoctonia hypocotyl rot is cause by 
another strain of the fungus Rhizoctonia 
solani distinct from that which causes 
Rhizoctonia bare-patch. 
Symptoms. The disease can be easily 
recognised by the characteristic 
reddish-brown lesions which develop on the 
hypocotyl (the below ground portion of the 
stem) just below soil level (Figure 2). The 
fungus attacks the seed as soon as it starts to 
germinate and may completely rot the 
seedling before it can emerge. From 
emergence to the 6 to 8 leaf stage infected 
seedlings wilt and die as the lesions grow and 
eventually rot through the hypocotyl. 
Occasionally seedlings with large dark brown 
lesions on the cotyledons (first embryonic 
leaves) can be seen where they were infected 
before emergence. 
Plants from the 10 leaf stage can resist 
continued lesion development as the 
hypocotyl begins to thicken. Less frequently, 
plants collapse right up to the end of the 
season if the rusty-brown lesions continue to 
develop and finally girdle the stem. (When 
the disease occurs later in the season on 
mature plants, it is usually known as 
Rhizoctonia collar rot). 
Disease cycle. As well as attacking lupins, this 
strain of Rhizoctonia solani can infect the 
hypocotyls of pasture legumes and the 
coleoptiles and subcrown internodes of 
cereals (Figure 2). The fungus is not as 
virulent on cereals as it is on legumes, 
however it can reduce emergence in wheat 
particularly if it is sown deeper than 5 cm. 
>5N 
The fungus survives from one season to the 
next as thick-walled hyphae in fragments of 
plant tissue it has infected and killed or as 
sclerotia (small bundles of resistant hyphae). 
The fungus may also colonise organic matter 
in soil in the absence of a host. Most of this 
Rhizoctonia inoculum is located in the top 
6 cm of soil and will germinate when 
stimulated by exudates from susceptible host 
tissue. 
Losses. Rhizoctonia hypocotyl rot probably 
causes more crop loss than Rhizoctonia 
bare-patch taken over the wheatbelt as a 
whole. It appears to be most widespread in 
the northern wheatbelt on soils with white or 
grey sandy surfaces and is most severe where 
the crop has been sown too deep. As with 
Pleiochaeta root rot, losses caused by 
Rhizoctonia hypocotyl rot primarily result 
from a reduction in stand density. In 
severely affected paddocks plant 
establishment has been reduced by as much 
as 80 per cent. 
Control. Rotation with cereals or pasture 
appears unlikely to control the disease 
because of the fungus' wide host range. 
Rapeseed and linseed are the only crop 
species immune to this strain of Rhizoctonia. 
All fungicide seed treatments tested have 
failed to improve plant establishment. 
Unlike Rhizoctonia bare-patch, scarifying or 
deep ripping does not appear to reduce 
disease severity. 
In paddocks with a history of Rhizoctonia 
hypocotyl rot seeding rates can be increased 
by 25 per cent to compensate for loss of 
plants. It is also important to seed shallow. 
In a trial at Badgingarra Research Station, on 
a deep white sand paddock with a history of 
Rhizoctonia hypocotyl rot, seeding at 2 cm 
deep compared to 5 cm decreased disease 
levels and increased both plant establishment 
and grain yield by 16 per cent. 
In the long term, breeding for resistance to 
this disease may be possible. 
Other root rots 
Other seedling root rots have been seen 
where the fungi Pythium, Ceratobasidium 
and Fusarium appear to be involved, but 
these seem to be of less importance across 
the wheatbelt as a whole. 
• Rhizoctonia bare patch 
in a lupin paddock. 
• Rhizoctonia hypocotyl 
rot. 
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ABOVE: Rhizoctonia 
charcoal rot. 
• FAR RIGHT: 
Rhizoctonia collar rot. 
MID AND LATE SEASON ROOT AND 
COLLAR ROTS 
The most important below ground diseases 
of lupins occur early in the season, however 
after flowering plants with a rotting of the 
upper tap root and stem base can Hit 
suddently and die. Often this problem can be 
attributed to one of the following disorders. 
Rhizoctonia collar rot 
Rhizoctonia collar rot is characterised by a 
rusty-brown lesion girdling the stem just 
below ground level. Stem support at ground 
level is lost and infected plants often fall 
over. This disease is Rhizoctonia hypocotyl 
rot manifesting itself later in the season. It is 
not particularly common. 
Sclerotinia collar rot 
Sclerotinia collar rot is caused by the fungus 
Sclerotinia minor which produces a 
characteristic white fungal growth containing 
small black fruiting bodies (about the size of 
a pinhead) called 'sclerotes' where it attacks 
the stem at ground level and the upper tap 
root. This disease should not be confused 
with Sclerotinia sclerotiorum which causes a 
stem rot higher up the plant. 
Although potentially an extremely damaging 
disease, S. minor has failed to build up to 
significant levels despite having had ample 
time to do so in the more established lupin 
areas. Where it does occur it usually affects 
less than 1 per cent of the total crop. 
Charcoal rot 
Charcoal rot is caused by Macrophomina 
phaseolina, a widespread soil-borne fungus 
which is normally a very weak pathogen. 
It attacks plants which are moisture-stressed 
late in the season when soil temperatures are 
high. The stem and tap root near the soil 
surface become infected, and when split open 
may have an ashy-grey discolouration partly 
caused by masses of tiny black 
'microsclerotia' embedded in the tissue. 
In the wheatbelt the fungus has affected up 
to 30 per cent of crops suffering moisture 
stress. Charcoal rot is probably of no 
importance as infection takes place after the 
plant has set primary pods, and the crop is 
running out of water anyway. However, if a 
crop were to become infected during a hot 
dry September it may be unable to use 
October rainfall. 
M. phaseolina has a wide host range, 
although cereals are not normally infected. 
More research is necessary to determine 
whether crop rotation can influence soil 
inoculum levels. 
CONCLUSIONS 
Root diseases are unlikely to be a major 
threat to lupin production in the wheatbelt, 
even when grown in a close 1:1 rotation with 
wheat. However, the most important seedling 
root diseases, Pleiochaeta root rot and 
Rhizoctonia hypocotyl rot, can cause 
significant yield losses in some situations. 
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